Radiolarians occur at all Leg 94 sites in Quaternary and Pliocene sediments, and at Sites 608 and 610 in Miocene sediments. At Sites 607 and 609 there is an inverse relation between abundance of terrigenous components (in the siltsand range) and both the abundance and preservation of radiolarians, although this tendency has more exceptions at Site 607. Cluster analysis indicated a substantial change in the radiolarian assemblage at the level of Core 609-12 or -13, but no enduring change was detected in the samples of equivalent age at Site 607.
Radiolarians are present in the Pleistocene and Pliocene sediments at these sites and in some of the Miocene sediments of Sites 608 and 610. Figure 1 summarizes the occurrences of calcareous and siliceous fossils in Leg 94 cores.
PROCEDURES
Samples were acidified, sieved at 44 µm, and the residue pipetted onto slides and mounted in Canada balsam. Relative abundances of counting groups shown in Table 1 are recorded as percentages of approximately 600 radiolarians counted in diagonal traverses across the slide. Abundance estimates of Miocene species are presented in Tables  2 and 3 .
RESULTS

Site 606
Site 606 consists of two piston-core holes located on the upper western flank of the Mid-Atlantic Ridge. Corecatcher samples from Hole 606 were examined for radiolarians.
Radiolarians are present in the Quaternary and Pliocene sediments of the first ten cores of Hole 606. Most of the species in these samples are long-ranged forms that provide little stratigraphic information. However, there are several species present whose ranges are confined to the upper Pliocene and Pleistocene: Amphirhopalum ypsilon, Didymocyrtis tetrathalamus, and Theocorythium trachelium. The latest occurrence of Stylatractus universus occurs between Samples 606-l,CC and 606-2,CC.
Preservation is very good in the first two core catchers and the assemblage is diverse, containing forms that inhabit warm-temperate surface waters, such as: collosphaerids, phacodiscids, artiscins, pyloniids, Pterocorys zancleus, Lithopera bacca, and Phormostichoartus corbula. In the sample from Core 606-3, the radiolarians are less well preserved and less diverse, and in the next core, 606-4, siliceous fossils are dissolved. In the core catchers from Cores 606-5 and -6, radiolarians are moderately well preserved, but they are rare and not very diverse. In core catchers from Cores 606-7 through -10, radiolarians are more abundant, diverse, well preserved, and include the warm-temperate, surface forms found in the top of this hole. All samples from below Core 606-10 were barren of radiolarians.
Site 607
Two holes were piston cored at Site 607, in the uppermiddle western flank of the Mid-Atlantic Ridge. Radiolarians are present and well preserved in most of the upper Pliocene to Pleistocene samples examined from Holes 607 and 607A, and in several upper Miocene samples from Hole 607A. The latest occurrence of Stylatractus universus occurs between Samples 607-2-6, 40-42 cm and 607-l,CC; and between Samples 607A-3,CC and 607A-2,CC. Samples that contain abundant, diverse assemblages of radiolarians, including species considered indicative of warm-temperate surface water (collosphaerids, artiscins, pyloniids, Pterocanium charybdeum, Phormostichoartus corbula, and others), are interspersed with samples that contain only rare, long-ranging species believed to inhabit cold or deep water (robust actinommids, spongodiscids, Cornutella sp., Cyrtopera laguncula), or in which radiolarians are entirely absent. Abundance and preservation of radiolarians are shown in Figure 2 , and discussed later in this chapter. Table 1 shows percent abundances of counting groups from some of these samples. In the core catchers from the Pliocene and Pleistocene Hole 607A samples, radiolarians are very rare or absent below Core 607A-9, except for Sample 607A-12,CC. Radiolarians are present in upper Miocene Samples 607 A-23,CC and -24,CC, but only in -24,CC are they abundant and diverse. Stichocorys peregrina is common in this sample, therefore it belongs in either the S. peregrina Zone or the Spongaster pentas Zone.
Site 608
Two holes were piston cored at Site 608 on the southern flank of the King's Trough tectonic complex. Because the cores from the two holes could be expected to be closely similar, radiolarians were not investigated in both. Samples from Miocene, upper Pliocene, and Pleistocene sediments of Hole 608 contain radiolarian assemblages. In the Pliocene and Pleistocene cores, intervals with well-preserved, diverse assemblages alternate with intervals in which there are only robust, deep-living radiolarians or in which there are no siliceous fossils. The only radiolarian event observed in these cores is the latest occurrence of Stylatractus universus which occurs between Samples 608-2,CC and 608-1,CC.
With the exception of a few forms in Sample 608-11 ,CC, radiolarians are absent from Section 608-9-3 down through Core 608-28. All eight samples examined between Samples 608-29-2, 40-42 cm and 608-32-5, 40-42 cm contain species representative of the middle Miocene Dorcadospyris alata Zone. Table 2 shows the order of magnitude abundances of these species. Below Core 608-33, all the samples that were examined are barren of siliceous fossils.
Site 609
Site 609 is located on the upper-middle eastern flank of the Mid-Atlantic Ridge, and consists of four holes, one of which is reported on here.
Radiolarians are present in the upper Pliocene to Pleistocene sediments of Site 609. Preservation of radiolarians throughout these cores is generally good, but in many samples, dilution by glacial debris is so great that very few or no radiolarians are observed on the strewn slides. In Figure 2 , which presents abundance of radiolarians from Hole 609, every sample shown to contain few or no radiolarians has abundant glacial debris in the strewn slides of the fraction >44 µm. Samples with abundant, well-preserved assemblages can be found down through Sample 609-26,CC. Orosphaerid fragments and occasional robust forms were found in a few samples between Cores 27 and 30, and sediments below that level are barren of siliceous fossils.
Most of the forms found in Hole 609 are long-ranging species, but Amphirhopalum ypsilon, Theocorythium trachelium, and T. vetulum, which are characteristic of Pliocene to Pleistocene assemblages, are present in many of the samples above Core 609-15. Percent abundances of radiolarian counting groups in Cores 609-1 through 17 are recorded in Table 1 .
Site 610
Site 610 is located on the western side of the Rockall Trough at the crest of the sediment drift, Feni Ridge. Six holes were drilled at this site, two of which were examined for this report.
Radiolarians are present in the Pleistocene, upper Pliocene, and Miocene sediments of Site 610. The glacial cycles of the Pliocene and younger cores yield samples that alternate between very well-preserved, abundant, diverse assemblages, and sparse assemblages of a few robust taxa and samples in which there are no radiolarians at all. In Hole 610A, radiolarians were found in at least one sample from nearly every core down to 610A-21,CC.
The Miocene cores also contain radiolarian assemblages in varying degrees of abundance and preserva- Table 3 .
Site 611
Site 611 consists of six holes drilled on the northeastern edge of Gardar Drift along the eastern flank of the Reykjanes Ridge.
Radiolarians are well-preserved, but generally not very abundant in some of the samples examined from Hole 611. Core catchers of Cores 611-2, -5, -6, and -7 are barren or contain only occasional specimens. Very sparse assemblages were found in Cores 611-8, -12, and -14, and Cores 611-1, -3, -4, -11, and -13 have more abundant and diverse assemblages. In the Pliocene to upper Miocene sediments below Core 611C-15, radiolarians are very rare or absent, with the exception of Cores 611C-18,-20 and -27. Site 611 is reported on in another chapter in this volume (Morley, this volume).
ABUNDANCE AND PRESERVATION OF RADIOLARIANS
Abundances of radiolarians on slides prepared routinely from unweighed samples were estimated according to the procedure described by Riedel and Sanfilippo (1978, pp. 82-83) , and preservation was recorded according to the numbered scale established by Westberg and Riedel (1978) . Mineral grains on the slides were visually estimated to an order of magnitude. Results are plotted on a logarithmic scale in Figure 2 . At both Sites 607 and 609 there is a strong tendency for the radiolarians to be better preserved and more abundant where mineral grains are fewer, and vice versa. This evidence for dissolution of siliceous microfossils in the presence of high concentrations of terrigenous silt-and sand-size components has a parallel in the results reported by Johnson (1976) , who found an inverse correlation between siliceous microfossil preservation and input of terrigenous silicates in sediments of the eastern tropical Pacific.
Exceptions to this general picture are more common at Site 607. In several of the samples from this site (e.g., 607-1-6, 40-42 cm, 607-2-5, 40-42 cm, 607-5-6, 40-42 cm, 607-7-6, 40-42 cm, and 607-10-3, 40-42 cm) , low abundances of radiolarians, poorly preserved, are not associated with high concentrations of mineral grains.
STATISTICAL ANALYSIS OF RADIOLARIAN ASSEMBLAGES
Box-Jenkins time series analysis (Box and Jenkins, 1976) using the BMDP statistical software package (Dixon, 1983 ) was performed on the data to detect any trends in abundances of the counting groups occurring in the cores. This analysis confirms the impression given by the tabulation that the abundance of the Spongodiscus group decreases with time throughout the section at Site 609. The reader can judge the degree of possible taxonomic heterogeneity of the forms grouped under this name by the fact that it includes the three species illustrated on Plate 15 of Nigrini and Moore (1979) .
Cluster analysis was used to determine the similarity of samples and the tendency for the counted taxa to form groups based on the abundance data of the radiolarians at Sites 607 and 609. The abundance data were standardized and analyzed using the average taxonomic 
C. tetrapera
Note: For an explanation of symbols, see Table 2. distance coefficient (Sokal, 1961) . For each analysis, a cophenetic correlation coefficient (r c ; Sokal and Rohlf, 1962) was calculated to measure the amount of distortion of the original data by the dendrogram. The NT-SYS package for multivariate statistics (Rohlf et al., 1984) was used.
Cluster analyses of the radiolarians produced similar results for both Sites 607 and 609 (Figs. 3 and 4 , respectively). A tight cluster (A) containing most of the radiolarians reflects the low abundances of these radiolarians in the majority of the samples. A second small cluster (B) contains five groups (other Actinommids, Porodiscus group, Lophophaena group, Pseudodictyophimus group, and Botryostrobus group A) with intermediate abundances. Radiolarians with particularly high abundances {Spongodiscus group, Lithelius minor, Pylospira group, and Cycladophora davisiana) have very low similarity values compared to the other radiolarians, and form a third cluster (C) for Site 607. Samples from Site 609 clustered into three distinct groups (Fig. 5) . With the exception of Sample 609-13-5, 40-42 cm, all samples in clusters A and B were taken at the level of Section 609-12-2 and above. Additional samples would have to be examined to establish whether the apparent concentration of cluster A samples near the top of the column is meaningful. All samples in cluster C were taken at the level of Section 609-12-4 and below except for Sample 609-9-3, 40-42 cm. This indicates that the radiolarian assemblages are distinct in the parts of the section above and below Sample 609-12-2, 40-42 cm. From the tabulation it appears that the Stylodictya group is generally more abundant above this level than below it, whereas the Spongodiscus group was more abundant below this level. Theocalyptra bicornis was found in more than half the samples above this level and in none below it. We do not attempt to interpret these changes in paleoenvironmental terms because they are not very pronounced, and we have investigated only one other sequence (Site 607) with which Site 609 could be compared.
Cluster analysis of the samples from Site 607 did not produce any groups that can be readily interpreted. Samples are clustered into two distinct groups as shown in Figure 6 , but these clusters show no stratigraphic coherence in the sequence, nor any clear relationship to radiolarian preservation.
These results indicate that analysis of much more closely spaced samples (so that several consecutive samples have similar assemblages) will be necessary for effective investigation of the paleoenvironmental signals in the radiolarian record at Site 607. Similarly, closer sampling at both Sites 607 and 609 would be required for a meaningful description and interpretation of radiolarian abundances and preservation, and would provide an improved basis for the statistical procedures.
TAXONOMIC NOTES
Listed below are the Miocene species used for stratigraphic interpretations, as well as the generally supraspecific groups used for counting the entire assemblages for paleoenvironmental interpretations.
Family COLLOSPHAERIDAE Müller, 1858
Collosphaerid group
All collosphaerids are counted together in this study.
Family ACTINOMMIDAE Haeckel, 1862, emend, Sanfilippo and Riedel, 1980 Genus ACTINOMMA Haeckel, 1860a
Actinomma medianum Nigrini
Actinomma medianum Nigrini, 1967, p. 27, pi. 2, fig. 2a, b; Westberg-Smith and Riedel, 1985, p. 485, pi . 1, fig. la , b.
Genus ANOMALACANTHA Loeblich and Tappan, 1961
Anomalacantha dentata (Mast)
Heteracantha dentata Mast, 1910, p. 37, fig. 47 Anomalacantha dentata (Mast) , Benson, 1966, p. 170, pi. 5, figs. 10, 11 .
Genus DRUPPATRACTUS Haeckel, 1887
Druppatractus group A Druppatractus group, Westberg-Smith and Riedel, 1985, p. 486, pi. 1, fig. 2 . Bipolar actinommid with pear-shaped medullary shell, and coarse pores on the cortical shell (less than eight across a half-equator). Polar spines may be conical or bladed, and equal or unequal in length; the lattice of the cortical shell is thick.
Druppatractus group B
Bipolar actinommid with pear-shaped medullary shell and ellipsoidal cortical shell. The lattice of the cortical shell is relatively thin, sometimes altogether missing, leaving only the unequal, bladed polar spines and the pear-shaped medullary shell. Members of this group resemble Druppatractus irregularis Popofsky (1912).
Genus HEXACONTIUM Haeckel, 1881
Hexacontium group
Hexacontium group A, Westberg-Smith and Riedel, 1985, p. 486, pi. 1, fig. 4a , b. Spherical form with two medullary shells and six to seven spines in three mutually perpendicular axes. The pores are small, closely spaced, more than eight across a half-equator. Some forms in this group tend to a cubic shape.
Genus SPHAEROPYLE Dreyer, 1889
Sphaeropyle langii Dreyer Sphaeropyle langii Dreyer, 1889, p. 13, pi. 4, fig. 54; Kling, 1973, p. 634, pi. 1, figs. 5-10, pi. 13, figs. 6-8; Westberg-Smith and Riedel, 1985, p. 486, pi. 1, fig. 9 .
Sphaeropyle robusta Kling
Sphaeropyle robusta Kling, 1973, p. 634, pi. 1, figs. 11, 12, pi. 6, figs. 9-13, pi. 13, figs. 1-5; Westberg-Smith and Riedel, 1985, p. 487, pi. 1, fig. 8 .
Genus STYLATRACTUS Haeckel, 1887
Stylatractus universus Hays
Stylatractus sp. Hays, 1965, p. 167, pi. 1, fig. 6 . Stylatractus universus Hays, 1970, p. 215 . Axoprunum angelinum (Campbell and Clark) , Kling, 1973, p. 634, pi. 1, figs. 13-16, pi. 6, figs. 14-18 .
Genus STYLOSPHAERA Ehrenberg, 1847a
Stylosphaera group Stylosphaera spp., Westberg-Smith and Riedel, 1985, p. 487 
Artiscin group
All artiscins were counted together for the quantitative part of this study.
Genus DIDYMOCYRTIS Haeckel, 1860a
Didymocyrtis antepenultima (Riedel and Sanfilippo)
Ommatartus antβpenultimus Riedel and Sanfilippo, 1970, p. 521, pi. 14, fig. 4 ; Westberg and Riedel, 1978, p. 22 . Didymocyrtis antepenultima (Riedel and Sanfilippo) , Riedel, 1980, p. 1010; Sanfilippo et al., in press, fig. 8.6 .
Didymocyrtis laticonus (Riedel)
Cannartus laticonus Riedel, 1959, p. 291, pi. 1, fig. 5; Westberg and Riedel, 1978, p. 20 . Didymocyrtis laticonus (Riedel) , Riedel, 1980, p. 1010; Sanfilippo et al., in press, fig. 8.5a , b.
Didymocyrtis violina (Haeckel)
Cannartus violina Haeckel, 1887, p. 358, pi. 39, fig. 10 . Didymocyrtis violina (Haeckel) , Riedel, 1980, p. 1010; Sanfilippo et al., in press, fig. 8.3 .
Family SPONGODISCIDAE Haeckel, 1862, emend. Riedel, 1967a Genus AMPHIRHOPALUM Haeckel, 1881
Amphirhopalum group
Amphirhopalum ypsilon Haeckel, 1887, p. 522; Nigrini, 1967, p. 35, pi. 3, fig. 3a-d (as Amphirrhopalum ypsilon) . Euchitonia virchowii Haeckel, 1862, p. 503-505, pi. 30, figs. 1-4 . Amphirhopalum virchowii (Haeckel) , Dumitricà, 1973, p. 835, pi. 9, figs. 2, 4; pi. 11, fig. 6; pi. 21, figs. 2-13. In the quantitative part of this report, both species of Amphirhopalum were counted together.
Genus DICTYOCORYNE Ehrenberg, 1860
Dictyocoryne group Dictyocoryne group, Westberg-Smith and Riedel, 1985, p. 489, pi. 3, fig. 1 . All three-armed spongodiscids except the Amphirhopalum group were counted together in this group. The specimens encountered here have simple, unchambered arms and no patagium.
Genus PORODISCUS Haeckel, 1881
Porodiscus group
Porodiscus group A, Westberg-Smith and Riedel, 1985, p. 489, pi. 2, fig. 4 . Porodiscus group B, Westberg-Smith and Riedel, 1985, p. 489, pi. 2, fig. 5 . A spongy disc with a variable number of regular or irregular concentric or spiral rings. The most common form has spongy material obscuring the concentric structure at the center of the disk, but specimens with distinct structure were also counted in this group.
Genus STYLOD1CTYA Ehrenberg, 1847a, emend. Kozlova in Petrushevskaya and Kozlova, 1972 Stylodictya group Stylodictya spp., Westberg-Smith and Riedel, 1985, p. 489, pi. 2, fig. 6 . A disk with concentric chambers, the innermost of which are distinctly scalloped.
Genus SPONGOCORE Haeckel, 1887
Spongocore spp.
Spongocore spp., Westberg-Smith and Riedel, 1985, p. 489, pi. 3, fig. 2 .
All cylindrical, bipolar spongodiscids.
Genus SPONGODISCUS Ehrenberg, 1854
Spongodiscus group Spongodiscus group, Westberg-Smith and Riedel, 1985, p. 489, pi. 2, fig. 7a, b. Any spongy discoidal form with no concentric structure.
Family PYLONIIDAE Haeckel, 1881 Genus HEXAPYLE Haeckel 1881
Hexapyle group
Pyloniids with six symmetrical gates.
Genus OCTOPYLE Haeckel, 1881
Octopyle group Pyloniids with eight symmetrical gates.
Genus TETRAPYLE Müller, 1858
Tetrapyle group Pyloniids with four symmetrical gates.
Family LITHELIIDAE Haeckel, 1862
Genus LARCOPYLE Dreyer, 1889
Larcopyle group
Larcopyle group, Westberg-Smith and Riedel, 1985, p. 490, pi. 3, fig.  3a , b. The internal spiral structure is enclosed in a smooth elliptical shell with regular outline and small pores. There may be a pylome visible at one end that may be surrounded by short spines.
Genus LITHELIUS Haeckel, 1860b
Lithelius minor Jörgensen
Lithelius minor Jörgensen, 1900, p. 65, pi. 5, fig. 24; Westberg-Smith and Riedel, 1985, p. 490, pi. 3, fig. 5 .
Genus PYLOSPIRA Haeckel, 1887
Pylospira group Pylospira group, Westberg-Smith and Riedel, 1985, p. 490, pi. 3, fig. 6a, b. This broad counting group includes any litheliid with wide, loose whorls, and no enclosing shell. Tightly coiled litheliids were counted in the preceding group, L. minor.
Order NASSELLARIA Ehrenberg, 1875 Suborder SPYRIDA Ehrenberg, 1847b, emend. Petrushevskaya, 1971 Genus CERATOSPYRIS Ehrenberg, 1847a
Ceratospyris group
Ceratospyris group A, Westberg-Smith and Riedel, 1985, p. 491, pi. 3, fig. 9 . Ceratospyris group B, Westberg-Smith and Riedel, 1985, p. 491, pi. 3, fig. 8a, b. Genus EUCECRYPHALUS Haeckel, 1860b, emend.
Petrushevskaya, 1971
Eucecryphalus group Eucecryphalus group, Westberg-Smith and Riedel, 1985, p. 492, pi. 4, fig. 10 . Three-segmented shell forming a wide cone. Circular pores are regularly spaced in transverse rows and increase in size distally. The abdomen varies from flatly expanded to conical. The most common member of this group is E. elizabethae (Haeckel) (Petrushevskaya, 1971, p. 
224).
Theocorys group, Westberg-Smith and Riedel, 1985, p. 493, pi. 5, fig. 10 . Three-segmented theoperid with open, although sometimes constricted, abdomen without a differentiated termination. Small, spherical cephalis bears a small apical horn. Pores are subcircular, of nearly equal size of both abdomen and thorax.
Other Theoperids
Any theoperid not accounted for in one of the preceding counting groups.
Family CARPOCANIIDAE Haeckel, emend. Riedel, 1967a Genus CARPOCANISTRUM Haeckel, 1887
Carpocanistrum group A Carpocanistrum group A, Westberg-Smith and Riedel, 1985, p. 493, pi. 5, fig. lla, b. Members of the genus with a smooth shell surface.
Carpocanistrum group B
Carpocanistrum group B, Westberg-Smith and Riedel, 1985, p. 494, pi. 5, fig. 12 . fig. la , b. Shell with more than four segments, each with three or more transverse rows of small pores, and separated by deep constrictions. Cephalis bears an apical horn and cylindrical vertical tube. Outline of each segment is smooth and rounded.
Genus PHORMOSTICHOARTUS
Campbell, 1951, emend.
Nigrini, 1977
Phormostichoartus corbula (Harting)
Lithocampe corbula Harting, 1863, p. 12, pi. 1, fig. 21 . Phormostichoartus corbula (Harting), Nigrini, 1977, p. 252, pi. 1, fig. 10 .
Phormostichoartus group
Phormostichoartus group, Westberg-Smith and Riedel, 1985, p. 494, pi. 6, fig. 2a, b. Cylindrical shell with four segments, many rows of small, transversely aligned pores on third and fourth segments. There is no apical horn, and a well-developed, cylindrical vertical tube lies along the proximal thorax.
Genus SIPHOCAMPE Haeckel, emend. Nigrini, 1977 Siphocampe group Siphocampe group, Westberg-Smith and Riedel, 1985, p. 494, pi. 6, fig. 3 . Three-segmented artostrobiid with a short vertical tube and no horn. Transverse rows of small pores are widely separated. Frequently, rounded constrictions separate the pore rows of the third segment.
Genus SIPHOSTICHARTUS
Nigrini, 1977
Siphostichartus corona
Cyrtophormis (Acanthocyrtis) corona Haeckel, 1887 Haeckel, , p. 1462 . Siphostichartus corona (Haeckel) , Nigrini, 1977, p. 257, pi. 2, figs. 5-7. Genus SPIROCYRTIS Haeckel, 1881, emend. Nigrini, 1977
Spirocyrtis group
Spirocyrtis group, Westberg-Smith and Riedel, 1985, p. 494, pi. 6, fig. 4 . Multisegmented artostrobiid with prominent flared (duck-billed) vertical tube and apical horn. Segments with angular constrictions expand distally, presenting a stepped profile.
Family CANNOBOTRYIDAE Haeckel, emend. Riedel, 1967a
Cannobotryid group
All members of the family were counted together.
Incertae sedis Genus CARPOCANARIUM
Haeckel, 1887
Carpocanarium group
Carpocanarium group, Westberg-Smith and Riedel, 1985, p. 494, pi. 6, fig. 5 . Two-segmented form with hemispherical cephalis separated from an ovate thorax by a well-defined stricture. Sometimes a small lateral cephalic tube is observed, and in some specimens there are three small, winglike thoracic ribs. Pores are widely spaced, of nearly equal size.
